Abstract. 3/2 harmonic radiation is generated by femtosecond pulses in a very steepgradient plasma on solid surfaces. A well-collimated harmonic emission with high conversion efficiency (5 × 10 -4 ) and an unusually broad spectrum is observed.
Introduction
The development of high-power femtosecond lasers has enabled experiments on laser-plasma interactions in the relativistic regime. Experiments at this intensity level are of great interest because of a number of applications such as fast ignition [1] , particle acceleration [2] [3] [4] , hard x-ray [2] [3] [4] and high order harmonic generation [5] , etc. Plasma instabilities can play an important role in these interactions. Moreover, completely new regimes of electronic instabilities not evident at lower intensities can be expected.
The two-plasmon decay (TPD) instability has the lowest threshold with respect to plasma inhomogeneity. This type of instability manifests itself in the emission at 3/2 times the fundamental frequency ω. The TPD and 3/2 ω generation in plasmas have been studied both experimentally and theoretically for more than three decades (see [6, 7] and references therein). These studies have dealt with relatively long spatial and temporal scales and with moderate intensities, typical of nano-and subnanosecond laser-plasma interaction.
We report here on the observation of the TPD and 3/2 ω generation in a weakly relativistic regime in plasmas produced by the interaction of high-contrast-ratio femtosecond laser pulses with solid targets. The plasma scale length was changed in a controlled way in order to explicitly investigate its influence on the instability threshold. Strong 3/2 ω emission with an unusually broad spectrum and high directionality was already observed at L ~ λ, where λ is the laser wavelength.
Experimental Results
In the experiments we used a titanium sapphire laser producing 200 mJ pulses of 120 fs duration at a wavelength of 800 nm. The ratio of the pulse peak intensity to the intensity at ~ 1 ps (intensity contrast) was determined to be about 10 5 . The ASE intensity contrast was approximately 10 9 . The incident laser beam was focused onto a glass target with the help of an off-axis parabolic mirror. The beam was p-polarized and the angle of incidence was 38 0 . The peak intensity on the target surface was 7×10 17 W/cm 2 corresponding to a normalized laser wave amplitude a 0 = eA/mc 2 ~ 0.6. The beam providing the controlled "pre-pulse" was split from the "main" beam with the help of small mirrors. The intensity of the "pre-pulse" on the target surface was 10 15 W/cm 2 . The plasma scale length L as a function of delay time, was estimated using the "Medusa" hydro-code.
We observed the angular distribution of the reflected light on a screen with the help of a CCD-camera. The reflected radiation at the fundamental frequency was attenuated with suitable optical filters. At short delays only the collimated beam of the specularly reflected fundamental and second harmonic was present. However, starting from a certain delay green 3/2 ω emission can be seen (Fig. 1) . It is interesting that in a particular range of delay times (see below) the 3/2 ω emission is well collimated and directed at ~ 25 0 and ~75 0 to the target normal. At all delay times, no harmonic radiation in the backward direction was observed.
In Fig. 2 the 3/2 ω energy is plotted as a function of delay time (lower scale) and scale length (upper scale). The energy was measured with two calibrated photodiodes. The dashed vertical lines mark the range where the 3/2 ω was emitted as two collimated beams. It can be seen that the TPD instability already develops at a very steep plasma-vacuum interface. The energies of the 3/2 ω at the angles of ~ 25 0 and ~75 0 were approximately equal. The total energy of the 3/2 ω emission was about 10 µJ at a delay time of 30 ps (L ~ 1.2λ), resulting in a conversion efficiency of 5×10 -4 . The measured harmonic spectra were much broader than classical dispersion relations would allow. This discrepancy may be connected with high intensity/relativistic effects such as nonlinear saturation of the instability, merging of the TPD and Raman instabilities, etc. [8, 9] . 
Conclusions
In conclusion, we have observed the onset of the TPD plasma instability and 3/2 ω emission with femtosecond pulses in the weakly relativistic intensity regime (7×10 17 W/cm 2 , a 0 ~ 0.6). Using plasmas with controlled scale lengths L we found the threshold for TPD at a 0 ~ 0.6 to be L ~ λ. At this scale length the 3/2 ω was emitted in the form of two well-collimated beams. A very high conversion efficiency of 5×10 -4 to the 3/2 ω was reached. A broad spectrum of harmonic emission indicated an unusually broad spectrum of TPD.
